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Robustness
• We say a template “robust” when the measured S/N 

shows low sensitivity to:
– the PSF actual profile due to:

• Modeling errors
• Position shifts, bias in position and rotation
• Color index errors, crowding

– The crowding context & stray light: 
• Ex.gr. CENTER – ANTICENTER

• To be robust, templates must be tailored from a 
large collection of specific windows.
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Windowing procedure

• “Specific windows” : Determine the best photometric 
window for each of 2 x 6000 stars (2 CCDs).

• “Generic windows” : Cluster this collection in a reduced set 
of 256 patterns.

• “Assignation” : Associates a generic window to each of 2 x 
6000 stars.

Candidates

Templates

Attribution
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Procedure Templates
Candidates + masksField by Field

OptimizeJitter,Breathing

Many Fields
Matrix_templates

Optimized + masks
Magnitude levels, 
Nb of samples

SN Matrix
Level x MatrixSN_Min, 

Nb_Stars/Mask 
Nb_max/Level

Replay

Xml_templates
256 

patterns

Set of Masks
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Build up strategy
• Optimization

– Jitter & breathing levels
• Templates strategy

– Set of input fields (set of 
windows)  

– Classes vs. parameters 
(magnitude, color, CCD, …)

• Attribution strategy
– Optimize total number vs. 

optimize S/N 

Optimize
Candidates + masks

Matrix_templates
Optimized + masks

SN Matrix

Replay

Xml_templates
256 

patterns

Set of Masks
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Adapt the window to jitter and breathing through 
exhaustive test

X X

The total variance for a 
window results from these 
3 partial variances

X

NBreathingNPoisson NJitter
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The best window (jitter & breathing)

The noise «expression» to be minimized is:
V = VPoisson + cJ.VJitter + cB.VBreathing

VPoisson 1) depends on the window surface, 2) is a white noise

cJ VJitter 1) depends on the window border, 2) is a white noise

cBVBreathing 1) depends on the window border, 2) is mainly a residual 
«orbit» noise

Because VBreathing is different from VPoisson and VJitter
cB adds only residual white noise after corrections.
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Optimization: Adapt the window to jitter and 
breathing by exhaustive test

… and so on, for all admissible 
extensions of the border 1 pixel wide.

At the end we select the window with 
best S/N.

Initial window
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Key Parameters

Optimize

Matrix_templates

Replay

Xml_templates
256 

patterns

Candidates + masks

Optimized masks

SN Matrix

Set of Masks

?

?

?

VARIANCE (MAGNITUDE)

AREA (MAGNITUDE)

CONTAMINATION (MAGNITUDE)

S/N RATIO (MAGNITUDE)
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Optimize
Candidates + masks

Optimized masks

“Poisson” masks

* Backgd
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• cJ = sJ
2  (Jitter)

• cB= sB
2  (Breathing)

• Typical Values
– Jitter :        0.2,   0.5,   0.2,   0.1  (pixel)
– Breathing : 0.02, 0.03, 0.01, 0.005 (pixel)

V = VPoisson + s2
J.VJitter + s2

B.VBreathing 

Poisson 
noise

Breathing 
noise

Jitter 
noise

sJ

sb

V

VPoisson

VJ+B
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Variance depends on jitter & breathing
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V. Jitter V. Breathing

Mask sizeV. Poisson
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S/N ratio : optimization
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Jitter:0.2 ; Breathing:0.02

Before 
optimization

After

Accept: 
S/N > 50
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Jitter:0.5 ; Breathing:0.03
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Jitter:0.1 ; Breathing:0.005
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Conclusions
• Mask sizes depend mainly on magnitude
• S/N ratio is statistically insensitive to small changes 

on window patterns
• Jitter and breathing show a very strong influence in 

final S/N ratio 
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Build up strategy
• Templates strategy

– A large of input fields
– Classes vs. magnitude

Optimize

Matrix_templates

Replay

Xml_templates
256 

patterns

Candidates + masks

Optimized + masks

SN Matrix

Set of Masks
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Set of local fields iStars BackgroundsSet of windows j

Signal Noise
S/N

(i,j)

S/N matrix

Window  
index

star index
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Templates: S/N matrix
Extract of 
the S/N 
matrix

Values are normalized 
between 0. (black) and 
1 (white). 

Remark the diagonal 
of optimal values.

Window  index 

star index
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Mixing fields for templates
102.2° 2.1°S

2442

4585

Total

8451067 38112029Reject

88317631115642182Accept

0.0950.0610.0310.0140.0074Conta.

1615141312

286.1° 4.5°N

2157

2220

Total

971893247406Reject

620792422263123Accept

0.1700.1110.0610.0200.0054Conta.

1615141312
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2645

3933

Total

13181001268535Reject

10291430885449140Accept

0.1210.0770.0440.0250.0115Conta

1615141312

1933

4963

Total

7957622649418Reject

121917951022560367Accept

0.0650.0410.0210.0100.0045Conta.

1615141312

281.4  6.0 N 101.0   2.0 S

2314

4999

Total

971893247406Reject

50820501242698501Accept

0.0900.0680.0330.0160.0067Conta.

1615141312

1466

4558

Total

6475811823818Reject

10841702964462346Accept

0.0590.0370.0200.0090.0040Conta.

1615141312

920 5.2 N 103.7   2.1 S
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Templates for center & anticenter
Centre Anti-centre

286.1 4.5N 104.0    0.7N

14.

16.5

11.5
mgR
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From specific to generic windows

A limited set of shapes cover a great number of measures
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TemplatesNbr of 
occurrences

~1000

~300

~100

~30
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~3

mgR
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Masks: L9998 series
16

15

14

13

12
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Conclusions

• In order to build robust patterns a large collection of 
star fields has been used as start point (center and 
anticenter).

• In the pattern process, pattern for bright stars are 
favored. It results on a better S/N for this class.
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In progress

• Verifying:
– The performances when the same collection of 

templates is used with different fields.
– The reduction of S/N when the predetermined collection 

of templates is used with unexpected PSFs. 
• Build up & analysis with PSFs deduced from “in 

flight” images.
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